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PROGRESS REPORT ($@ $3@Z8, OF l?lil.dlAND 535-T JOIITTS

By E. C. Hartmaa&& t. 0. Lyst, and H. J. Andrews

A oomprehen~ive program of fatigue tests of riveted
Joints in aluminum alloys was started In 1935 at the Aluminum
Research Le.boratorles In order to learn as much as possible
about the best method of deeigning aluminum-alloy structures
to resist failure from repeated loading. The scope of this
investigation was made brond enough to Include not only ao-
tual joints in whioh load Is transferred from one plate to
another, but also speoinienE in which rivets oarry little or
no stress, m might ba the case in parts of a struoture where
the rivets are usrd only for tho purpose of holding two or
moro piece~ In contact. The machines used in making the
tests have previously been described. (See reference 1. )

This report presents the fatigue data obtained at the
Aluminum Rcsoaroil Laboratories, from tests of various types
of 17S-T and 535-T specimens. Those spocimons woro largo
enough to represent antual service oondltlons, but the rep-
etition Of loading was more rapid than would ooour in ordi-
nary serTlce@ This higher rate of loading was necessary to
shorten the testing time.

Two plate materials, three rivet materials, twenty-nine
types of specimens, and four different stress ratioa have
been employed In the tests desoribed herein. This large
number of variables has been Justified booause the study Of
fatigue of rivotod #ointe vas eo new that it was neoossary
to hranoh out in different direatlons to obtain a comprehen-
sive knowledge of the fatigue strength of riveted alumlnum-
alloy struoturee,

Teste of 486 speoimens will he oovered in this Progress” .
report. In addition to tests of actual #olnt specimens, ‘?2
I
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Of these 486 tes~ have been made using E’ingle plate speoi-
mens whioh eitherwere solid or oontained open holes or idle

.. ‘-y~~e~ea -- . . ...

MATERIALS

The speqimens for this Investigation were constructed
from 1- by 7’%inoh rolled rectangular bar of alumlnum alloys
17S-T (Federal Specification QQ-A-351) and 53S-T (B’ederal
Speoifloatlon QQ-A-331). The mechanical properties of the
bar of both alloys were abovo ths specified values with the
exoeption of the yield strength of 63S-T, whioh was slightly
low (1.2 poreont).

By using small poli~hed opecimens cut longitudinally
from the bar otook, the direct-strees fatigue properties of
one lot of 17S-T were determined. As shown in figure 1, the
enduranco limit for gtr3n0eg varying from zero to a maximum
in tension is 22,000 psi lased on 500 million cycle~ of
stress.

Button-head rivets of 17S-T, 53S-W, and steel were used.
The sizes were 1/4, 3/8, 1/2, and 5/8 inch. Bolts of 17S-T
having a diameter of 5 8 Inck and pins of 17S-T having diam-
eters of 1, 134, and 2d inches wero EJSO used.

Although this Investigation la confined to te~ts of only
two aluminum alloye, It is believed that the results, Insofar
as they deal with effect of arrangement of riveto and types
of ~oints, aro generally applicable to tho othor aluminum
alloys.

DESCRIPTION 03’ JOINTS

Detailed sketches of the reduoed seotion of the various
types are shown in figures 2 and 3. The different types of
speoimens may be olassi.fied in three general grouys, TIZ~
first inoludes typos OX, G, GX, and K, which are singlo
plates olthor solid, with holes, or with idle rivets. The
second inoludes the lap or single-shear jolats, designated
types A, AZ, Aa, A3, B, C, OX, E, H, S, P, and E. The thtrd
Includes the butt or double-shear #oi.nts, types J-1, L-1,
LL, M, OY, M-1, Q-1, Q-2, T, U, U-1, U-2, and W-1.
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The reduced section of eaoh specimen was obtained by
maohlning to the desired thickness In a milllng machine us-
ing a 4-inch diameter helical milling cm.tter 1.0.Inohes long.

..-. The milling”’waii &dne with the- outter normal and the travel
of the aarriage parallel to the length of the spoalmen. In
this way any minute marks left BY the machlnlng oPeration were
parallel to-the dlreotion of stress, which w;uld minimize
their effeot on the fatigue strength of the speolmen. The
keyways of each speolmen were carefully maohined In a
shaper-planer so as to be parallel after assembly of the
speoimenO

The rivets in the various speolmens were driTen using
the following oomblnations of oondltions:

1-

.

-

Rivet Rivet Hole Ilrl* me of

material diameter diameter condition tilven

(In.) (in.)
head

Al alloy l/k, J/g, 1/2, 17/64, 25 64, 33/64,
[

Cold Cone-point
and q/&3 anii 1/6$

Al alloy 3/g 25/64 . Cold Button

Al Alloy 3/g and 5/g 13/32 and 21/32 Hot Button

Steel 3/i3 and 5/tl 25/Gb ~d 41/64 Cold Flat

Steel 5/g 21/32 aot 3utton

The cold-driven 17S-T rivets were driven with 1/2 hour
or lees of room-temperature agin~ between heat treatkent and
driving. The cold-driven 538-W rivets were drlve~ after
several weeks of room-temperature aging. The hot-driven
17S-T and 53S-W rivets were heated in a lead bath at temper-
atures of 950° and 970° I’, respeotivel~, and wore driven as
quickly as possible after removal from the bath. Tho COld-

driven steel rivets were annekled firct by heating to 1220° B
for 3 hours and then cooling slowly in the furnaoe overniGht.
The hot-driven steel rivets were heated In a gas-fired fur-
naoe and were driven at a temperature of approximately 1800° P.

When bolts or pins were used, the holes into which they
were fitted were reamed to size with just enougil clearance
..

.

. . .
--
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so that the bolts and pins oould be Inserted easily. Alumi-
num”alloy washers were used under the heads and nuts of all

.bOlts, and-the torque used in tightening eaoh bolt was 610
Inoh-pounde. Only 5/8-in6h bolts”were used.

The tests In this

TEST FROCEDURIO

investigation were made in the fatigue
machines shown in figure 4, wh~oh were designed especially
for testing riveted $ointe. (Seo roforenoo 1. ) The machines
were so oonstruoted that the specimens may be subjeoted to
oyoles of direct stress from any value In tension or compre~-
slon to any other value In tension or oompreesion, provided
the maximum loads are within the capacity of the machine
being used. E’or two of the machines the nominal capacity Is
40,000 pcunds, and for the other four, 50,000 pounds.

The testing machlne~ have been calibrated as described
previously (reference 1), and, in addition, considerable ex-
perimental work has been done to evaluate inertia effects oc-
curring under the various conditions of testing used through-
out tho soope of the Investigation. Corrections obtained
from these dynamio c~ibratlon studios have been mada wherovcr
necessary In the fatigue data roportod.

The test specimen is placed in the maohine In a vertical
position about 15 inches fron the fulcrum end of the machine.
one end of %ha Speoimen is keyed ~nd bolted to the bed of the
maohino, and the other end is eimilarly fastonod to tho hori-
zontal loading bo~m. This loading beam acts as a seoond-
alasa lever having a ratio of approximately 10:1. When the
speolmen is bolted in plaae and tkn crank (not being set at
zero throw) Is turned, movement of the loading beam up and
down applleo eit~er tension or compression tO the sPoolmonD .
As load is applied, the deflection of the loadlng bean is
proportional to the load.

The ten~lle or compressive load to be applied to anY
speoimon is oomputod from the produot of the dcslred stress
and tho minimum net cross-sectional area of tho speclnon
through tho reduced section.

Maoh fatigue-testing unit is equipped with llmit
switches to stop the motor when a speaimen breaks, At fail-
ure Of a specimen the stress in the loading beam is automat-
Ioally.relieved and the deflection of the beam changes -.

.
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sufficiently to operate the limit switches. !l!heseswitohes
are sensitive enough so that they usually break the cirouit
wtth the development of only .a small craok in the speclmen~
When a visi%le craok forms in a specimen, the test is con-
sidorod oomplotod.

In the majority of tests, the range of fatigue stresses
in the plates was from zero to a maximum In tension, but In
some tests the range was from some stress in either tension
or compression to some other stress in tension. For oonven-
ienoe the tests were run in groups, all tests in any one
group having the same ratios of minimum to maximum stress.
In using these stress ratios, tensile stresse~ were consid-
ered positive and compressive strossos negative, For an~
test the maximum stress 1s the one having the largest alge-
braio value, and not necessarily the one having the largest
numerloal value. I’ollovinz is a oom~le$e list of stress
ratios used, together with-examples ;f aorrospondlng strofls
ranges :

Stress ratio Example of stress range
(psi)

0.75 15,000 to 20,000 tension
.50 10,OOO *O 20,000 tension

o 0 to 20,0C0 tension
-1.00 20,000 oonpresslon to 20,009 tension

Unless definitely stated otherwise, all discussion in
subsequent “parts of this report pertains to tests In which
a ~aro stress ratio was used. Also, ‘anless stated otherwise~
all fatigue strengths are based upon 2 million cycles of
Stzassm This number of cycles was used by Prof. W. M. Wilson -
(=cfaronces 2 and 3) and by Otto Graf {referenoo 4) in simi-
lar tests.

The results of the fati~e tests were plotted in the
form of S-N diagrams (stress-number of cyoles), The stresses
plotted were average values and did not take into account any
nonuniform distribution of stress In the epcoimens. Some of
the fractured speoimens are shown in figures 5 to 9. A few
representative S-M curves (figs. 10 to 12) are includes with
this paper. A summary of the results of the teqts is given
in tables I to IV.

.
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Most of the tests were continued to failure, but 38
Speoimens were removed from the maohine before $ailure tie- -

-. ,...oauset.h.eLnqmbec-.ofg-o~qles had reaohed a prearranged maximum
number, usually 26 millio”n, whioh was oo.nsidered suffloient
in this Investigation. In ths 8-X diagrams, the latter tests
are indioated accordingly.

SUMKAEY or E$$UZT8

The following summa= is @@e& on the fatigue tests re-
ported herein on aluminum-alloy $~ints of 17S-T (Bedsral
8peoifloation QQ-A-351) and 533-T (Yederal Specification
QQ-A-331 ) ● No effort ie mada *n thL6 summary to oovor all
the different stress rat$oe teeted or the full range of num-
bers of cycles of stress uOed, slate it is Impractical to
summarize the resulfs taking Into account all the variables
lnolu&ed. Instead, the strength of the various types of
specimens are oompared priacip~.lly on the baels of “fatigue
strength, ” which Ie defined as the maximum stress on the net
section of the plates (P\A) to which the joint can be sub-
jected for 2 million cycles, tho stress in each CYO1O varying
from zero to a maximum toasilo etross.

1. %en holes and idle rivets reduce the fatigue
strengths of aluminum-alloy plates considornbly, the
strengths obtained beln~ from 11 to 42 percent of the nomi-
nal static strengthe, The effect usually is

T
renter (1)

with an open hole than with an idle rivet, (2 with four
idle rivets than with only one, and (3) with hot-driven than .
with oold-driven rivets.

2. In general, idle rivets are less harmful to the fa-
tigue strength of a plate than rivets ueed to transfer load.

3. In the tests of lap joints with l/4-tnoh plates and
5/8-inoh rivets, about 86 percent failed by fraoture of the
plates through the rivet holee. Of the remainder, one #oint
f8i10d by shearing the rivete, and tho othore by the rivet
heade~ being broken off as a reeult of the prying aotion ex-
erted on them during the eccentric loading.

4. In the teste of lap ~olnte with l/4-inch plates and
3/8-inoh rivets, only 33 peroent failed in the plates. Most
of the remainder failed by shearing tho rivets, although a
few failed by the rivet headsl breaking off.
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5. In the tests of butt joints with l/4-lnoh plates and
5/8-inch rivets, about 97 peroent of the failures were in

--the plates, the remainder being-a~y shearing of the rivets.

6. In the tests of butt joints with l/4-lnoh plates and
3/8-inoh rivets, about 44 percent of the failures were in
the plates, the romaindor being by shoarlng of tho rivets.

7. In the tests of joints in whioh the fatigue failure
ooourred by tensile failure in the plato and in which the
stresses varied from zero to a maximum tension, the tensile
fatigue strengths ranged between 7 and 46 percent of the
statio tensile strength of the material.

8. In the tests of #oints in whloh the fatigue failure
ooourred by shearing of the rivets, and in whioh the stresses
varied from zero to a maximum In ono ~irootion, the shear fa-
tigue strengths ranged from about 38 to 73 peroent of the
nominal statio shear strengths of the driven rivets. Slnoe
these ratios for shear strengtho are considerably higher than
those given in the preoeding conclusion for tensile strengths,
it is evident that shear fatigue is not as inportant in ordi-
nary design as tensile fatigue.

9. The fatigue strengths of the aluminun-olloy joints
range from 13 to 73 percent of tha calculated static otrength
for lap joints, and from 10 to 65 percent for butt joints,
For eaoh of these two general typos, tho highest percentazcis
wore obtained when testing G3S-!l!plates with cold-driven
535-W rivets.

10. The fatigue strengths of the type O lap joints and
type M butt joints, for different combinations of plate and
rivet materials, are as follows:
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&i:e:L x “~5!!.
Fatigue
etrength*

Lap joints (type C}

I

——

17S-!I? Cold-d3i7en - 17s4 ‘9,800 12,100
l?S-T Eot-driven - 17S-T 7,700
17S-T

9,400
Cold-driven - Steel 9,300 11,500

17S-T Eot-driven - Steel 6,600 8,0~~

53S-=T Cold-driven - 53S-W 7,100
53S-T

8,800
Hot-driven - 53S-V 6,700 8,200

—— ———--- - .——

Butt jolnta (type M)

Z EE:~i--E
‘Tension on net section of plates, based on 2 mllli~n

cycles of ~tross, from zero to a maximum In tonslon.

11. In gonoral, butt Joints havo higher fatiguo
strengths than lap ~olnts, oven though both fail la the
platee rather than In the rivets. ~or oxamplo, In joints
with l/4-inch 17S-T plato containing a single row of four
5/S-inch cold-driven 17S-T rlvete (types C and M], th~
fatiguo strength of lnp joints is about 68 percent of that
of butt joints~ The lower etrongth of the lap joints is
attrlbutod mostly to tho flexing action reeulting from
eccentricity of loading.

12. Increasing tho roelstanco to flexing of lap jolnte
by Increasing tho thlcknoes of one of the plates Ie bono-
flclal In Increasing the fatigue strength of tho thinner
plate. Por example, In some comparative tests in which tho
thickness of ono plate was doubled, tho strength of the
thinner plate was Increased about 65 porcont.
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13. The use of multiple rows of 8 given size of rivet,
with the same number of rivets per row, Increases the fm-
tlgue strength of lap joints oven though all failures are.-
in tho plate. I’or example, the strength of a lap

~
oint with

l/4-inch 17S-T plates containing a single row of 5 8-inoh
17S-T rivets waB increased 21 percent by ad~ing another row
of the samo number and size of rivets. This Improvement
probably can be attrlimted meetly to the added etlffnoea ro-
sultlng from the tncrensed lap. Another faotor is the
smaller load transferred by eaoh rlvet~

14. ~or the same total number of rivets, lap J6ints
have higher fatigue strengths, In pounds por square inch on
the net soation of tho plate, when the rivets are spaced
olosely in a single row than when spaoed more widely in two
or more rows. 3’or exauple, In lnp joints with l/4-inch
17S-T pintos and 3/8-lcck cold-driven 17S-!C rivets, *ho fa-
tigue stronGth in pounds por square inch of net soctlon of
the plate wus 10 porcont higher when six rivets wero used
In a sinLle row than when they wore used In two rows of
three or,ch. Wlmn fati~ue strength Is expressed in pounds,
howevor, tho joint with a single rcw “Ifrivats was about 12

.
15. !?ho different types of lap

~

o~nts with I/&inch
17S-T plates contalnln~ colil-drlveu 5 8-inch 1’7S-T rivota
nay bo rated as followo, bOgiLniag with th~ on.o having tho
highest fatiguo strength:

—. —
1

t

Rivota Yntigue strengths*
Eype

Total I:z. Number Tension in plmtes Total l~ati
j%nt nunb cr Gf per (not sg;;ion)

rows row (lb )—. .— —.
E 9 3 3 12,700 17 ,70G
E 6 2 a 10,200 14,2f)~

c 4 1 4 9,800 12,1C0
B 3 1 3 8,400 11,700
H 4 2 2 6,700 10,400
A 2 1 2
P 3

5,800
2

9,000
1,2 5,000 7,8C0

‘Based on 2 million OVC1OS of stress, with zero minlfiua “
stress.

16. In general, the fatigue strength of aluninun-calloy
lap joints is higher when cold-dr5ven rivets are used than
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when hot-driven rlvetts are used. This difference is greater
when steel rivets are used.

...... .... . . .
17. As would i’e e~peoie~ fron & knOwiOage of.”rt31ative

basic fatigue strengths, Joints of 53S-!l plate using hot-
or cold-driven 53S-W rivets had lower fatigue strengths than
similar #olnts of 17S-T plate with hot- or cold-driven 17S-5!
rivets.

18. Tor a given spacing and arrangonent of cold-driven
17S-T rivets In l/4-inch 17S-T plates, the fatigue strength
of a lap joint Inoroases as the size of the rivets is lc-
creased~ ovon though nest of tha failures occur as tensile
fractures of the plate rather than as shear failures of tho
rivotgg This statenont is truo vhothor tho fatigue strength
1s expressed in pounds per squaro inch of net area cr in
total load In pounds. The abovo stato~ent Ifi generally truo
also for butt Joints. Howevor, as notod in the following
table of butt ~olnts, going froa l/2-inch to 5/8-inch rivets “
in the type i.Ijoint caused a reduction in fatiguo strength
baEed on stress on the net area and also In tctal lend on
spocincn in pounds. Going fron a l~a-inch pin to a 2~a-inch
pin In tho type Q-2. Joict gavo s reduction in fati~o strength—
based on totai load~-

.—.

!ypo

——
u-l
u-l
u-l

L-1
L-1
L-1

w-l
w-l

M
M
M

Q-2
Q-2
Q-2

Plato
%lloy

——
17S-T
17s-7!
17S-T

17S-T
1‘7S-T
175-T

l?S-T
17S-T

17S-T
17’S-T
17s4

17S-T
17S-T
17s4

Dian,
(in.)

5/ 8
1/2
3/8

6/8
1/2
S/8

1/2
3/8

!3/8
1/2
3/8

2y
1$=
1

Alley

—.

17S-T
17S-T
17S-T

17S-T
17S-T
17S-T

17S-T
17S-T

17S-T
17S-T
17S-T

17S-T
17S-T
17s-9?

Rivets or pins
—.—.

L?rlvin~
condi-
tion
——
Cold
0 old
Cold

Cold
.cOla
Cold

cold
cold

Cold
Cold
Cold

Cold
Cold
cOla

No.
Of
r OWE
-—

1

1

1

2
2
2

3
3

1
1
L

1
1
1

--—

No.
por
r w
-—
2
2
2

4
4
4

4
4

4
4
4

1
1
1

—

R’tlti@o
strangth

(psi)
————.
11,400
.8,60G
4,600

1?,800
16,400
9,800

14,200
9,200

14,200
15,7C0

9,700

9,400
0,400
3,500

I’atiguo
strength

:1%)
—-—
17,700
13,900

7,700

22,000
22,300
14,500

19,300
13,7CG

17,600
21,400
14,400”

13,800
14,1(20
13,0C0

.——. —. — .—. —-- -—



MAOA AER NO. 4116 11

In terms of load in pouuds on the specimen a limiting value
of fatigue strength seems to be reaohed when the rivet dlam-

.- ete.r.is increased to about ono-third .the.rivet spac~ng.

19. As would be expected from a general knowledge of
the fatigue of metals, the greater the ratio of minimum to “m
maximum 8tress, the greater the maximum fatigue stress which
a Joint will withstand.

20. Tho stress concentration factorB, determined by .

oomparlng the fatigue strengths for all the various types
of specimens in whioh failure occurred In the plates with
tho basic fatiguo strengths< of tho plate materials, ranged
between 1.3 and 9.3. It is ooncluded, thorofore, that it
is impossiblc3 to arrlvo at uny satisfactory avorngo etress .
ooncf3ntration factor for rivotod mombors in general.

21. The strongest two aluminum-alloy lap joints, based
both on unit stress on tho not s~ction of the plato and on
total load in poundg, nr~ typcO H and CX with l/4-inch 17S-?
main pintos c.nd 5/8-inch 17S-T rivets. Tho oth~r details
of those Joints and tho fatl~uo strengths wro glvon in tho
followine treble:

Typo of
joint

H

Cx

Driving
condition

r —
Cold

1 Hot

~iVbt!3
—..— —

T
——

hub er l?umbor
of rGwe per row

3 3

1 4

12,.700 17,7C19

12,700 15,500

*Bnseil on 2 million cyoles of stro~s, with zero mininum
strOsS.

22. The strongest butt ~oint when based on oithor the
net section of the plates or total load In pounds was tho
type M with l/4-inch 17S-T plates containing 5/8-inch di~.m-
oter 175-T bolts. The fatigue strength of thifi specimen was
21,400 psi corresponding to a load of 26,850 pounfis, Tho
second strongest butt joint on this samo bnsis was the t~o
U-2 with l/4-inch 17S-T plates and lz~ -Inch 175-T pins
which had a fatigue strength of 18,100 psi corroaponding to
a load of 22,600 pounds.
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23. Por a given spacing, size, and number of rivets
double shear butt Joints are superior to single ehear butt
..jolnts.and lap Joints even though failures occur as tensile
fraoture of the plates. Values obtained for Joints with
l/4-inch 17S-T plates and 5/8-lnoh cold-driven rivets are
given below:

Rivets Fatigue strengths*

Type of joint Ihzmber Humber Tension In Total
of per “ plates load

rowa row (net ~;::;ion~
“
(lb)

Doublo shear butt, b! 1 4 14,305 17,659
Lap, C 1 4 9,800 11,600
Single shear butt, CY 1 4 7,000 8,600

——
K8asod on 2 million cycles cf stress, with zero mlnimuu

Btress.

Alumlnufi Research Laboratories,
Aluainua Coupany of Auericu,

lTew Kensington, PD,., Juno 24, 1944.
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SUMMARY OF RESULTS OF FATIGUE TESTS OF SOLID PIATE SPECIMElfS ; .

Types QX, G and & with or without Idle Rivets
+1+
w
i!

Type of Plate Rivets Stress Tensile Stress at Fa~ure, p
Speoimen Material al urlmng Ratio

Bi*

Condition 105 2X106 i ~07

. Cyoles Cyoles , Cyole8
1

QK 173-T - . 0

;;:-;

32400- 31 4~

17S-T 5[8 cold o 29 2W 25200 24300
: 17S-T 5:3 Hot o 22200 19000

17S~T 5,a 21”300
! (%7&in0 dia.fi.~illedopenH~~le)

13 9(X) 10500
173-T : 17600 9900 9800

G 53S-T 53S-W 5/d Cold o ::~ 14 7(XI
G 53S-T 53S-W 5;8 Hot o ~~ ;! 6~
G 53S-T 53S-W 3/8 CO~d 15300

53S-T ~
:

I

21./32-in.dia.drilled open hole

I

16500 10700
53S-T 21#32-i.n.dia. unched open hole

!
14300 8400~ 7-600

G 53S-T 25/64-iil.dia.rilled open hole o 15700 9700j -

K 17S-T 17S-T I 5/8 Cold 37600 2100(’
17S-T 173-T :

E \ %
Hot

173-T
34400 23400:

Steel Hot o 18500 9500
1
9000

K 532-T 53S”W ! 5/8 Hot o 19700 Mooo u mo

s Tensile strees = load divided by net area.
t In8uffioientteste.
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COMPARISONOF THE STATICANDlATIGUESTRENGTHSOF
THEVARIOUS TYPES OF SPECIMINS TKSTE31

lietio ~ -0
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e
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T e

FaYlure

?atio

e

0.57

0.42
0.37
0.23
0.17

0.41
0.37
0.39
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0.33
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.
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I
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1:%:; W%:;%%’%

I Cold
Hot
Cold

]n hole
~n hole
3n hole \

m
173-T
17S-T
17S-T
533-T

17 S-T
17 S-T
17 S-T
17s-7
53S-T

173-T
17S-T
17S-T

17S-T
17 S-T
17S-T
17 S-T
;;;-;

17S=T

53S-T
533-T
53S-T

17S-T

17S-T
52-S-T

17S-T
17S-T

17S-T
17S-T

17S-T
17S-T
17S-T

17S-T
17S-T
17S-T

17 S-T
17S-T
Steel
5X-W

17S-T
17S-Y
17S-T
Steel
52SW

17S-T
17S-T
17S-T

17S-T
17S-T
Steel
Steel
17 S-T
SteeI
17S-TiM

538-W
53S-Vi
532-W

17S-T

17 S-T
533-W

17S-T
17S-T

17S-T
17S-T

17S-T
17S-T
17S-T

17S-T
17 S-T
17S-T

41/64
21/32
21/32
21/32

41/64

W
25/64
25/64

41/64
21/32
33/64

41/64
21/32
41/64
21/32
25/64
~~~64

41/64
21/32
25/64

21/32

25/64
25/64

41/64
21/32

41/64
21/32

41/64
33/64
25/64

41/64
33/64
25/64

Cold
Hot
Hot
Hot

Cold
Hot
Cold
Cold
Cold

Cold
Hot
Cold

Cold
Hot
cola
Hot
Cold
Cold

Cold
Hot
Cold

Hot

Cold
Cold

Cold
Hot

Cold
Hot

Cold
Cold
Cold

Cold
Cold
Cold

m
b JOints:

i5iE
Tensile :.;:
Teneile
Tr.z&le 0:20
Tensile 0.12
F&t Ikefie0.51
!kmule .. !4
Teneile 0.26

Tensile
Tensile
Sheex

0.27
o.~A
0.5s

0.34

n.~
0.42

0.24
G.2a

0.24
0.32

0.21
0.28
0.38

0.21
0.22
0.27

m
BEE
m
m

Tervile
Tensile

Teneile
Taneile

Teuaile
Tensile

Tensile
l’enaile
Teneile

Tensile
Tensile
Tenafle

m
* Based upon valuen for .enearlng,bearing, and tGU811R Btrengtim r+eincluded in Structural Handbook

(1940 edition).
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Q-1

!
::
-2

u

!:;
u-1

u-2

M
M

i

;

f

M-1

UY

T
T

L-1
L-1
L-1

LL
LL
u

J-1

~-l
W-1

m
m
m

m
m

m

TASLZ III (cent’d)

COHPAHW)N OF THE STATIC ANDFATIGUE8THENGTHSOF
THEVAHIOUSTYPESOF SPECIMENSTESTED

Ratio ~ -0
.

IPlateMaterial

1’?8-!!

173-T
178-T
17S-T

1’N-T

17S-T
17S-T
17S-T

17S-T

17S-T
17S-T
17S-T
17S-T
17S-T
17S-T

;&s.;

53S~T

17 S-T

17S-T

17S-T
53S-T

17 S-T
17S-T
17S-T

17S-T
17S-T
17S-T

17S-T

17 S-T
17S-T

g

ena

17S-T

17S-TEn
17S-T pi]
17S-T Pi]

178-T

17S-T
17 S-T
17S-T

*
Diqeter,

In.

17S-T& 1-1/4
I

17S-T 41/64
17 S-T 21/32
Steel 21/32
17S-T
17 S-T %%:”
17S-T Bike 5/8

533+
538-W
53S-W

17S-T

17S-T

17S-T
5X-W

173-T
17s6T
17S-T

17S-T
17S-T
Steel

173-T

17S-T
17S-T

;;6&

25/64

41/64

41/64

25/64
25/64

41/64
33$:6

41/64
21/32
21/32

17/64

33/64
25/64

!!%%

Cold

Cold
Cold
Cold

Hot

Cold
Cold
Cold

Cold

Cold
Hot
Hot
Cold
Cold

cold
Hot
Cold

Cold

Cold

Cold
Cold

Cold
Cold
Cold

Cold
Hot
Hot

Cold

Cold
Cold

16800

67 500
40 500
26 200

33 4C0

33600
27100
16800

64100

67 200
66800
70 700
54200
33600
67 500

46200
35 400
23000

67 200

46 400

50 400
36000

74 100
81 6U0
67 200

148300
146400
146400

72 600

81 MO
89 200

w
Fa!lure

Bearing

Bearing
Bearing
Bearing

Bearing

Beering
J33rng

Bearing

=i~
Bear@g
Bm&ng

Bearing

Bemrmg
13m&lg

Bearing

Shear

Shesr
Shear

Tensile
g~~le

Tensile
Tensile
Tensile

Tensile

Tensile
Teneile

Cyfps ,

8600

11800
14 lW
13800

13000

17 700
1; ‘W;”

22600

17600
20 loo
6800
21400
14400
26800

14100
19 200
12800

19800

8600

17 700
11900

22000
22 200
14 500

26200
32 400
15 400

11500

19300
13 700

ve

Fa%ure

Shear

Tensile
Tensile
Teneile

Tensile

Teneila
Tensila
Teneile

Tensile

Teneile
Tensile
Tensile
&a:le

Tensile

Tensile
W&e

Tensile

Tensile

Tensile
Tensile

Tensile
Tensile
Tensile

Tensile
Tensile
Tensila

Tensila

Tensile
Tensile

● Baaed upon values for shearing, bearing, and tennile atrengtna as included in Structural Handbook
(1940 edition) .

19

letio

E?%

0.51

0.17
0.35
0.53

0.39

0.53
0.51
0.46

0.35 !

0.26
0.30
0.10
0.39
0.43
0.40

i:%
0.55

0.30

0.19

0.35
0.33

0.27
0.29
0.22

0.18
0.22
0.11

0.16

0.24
0.15

.,;
1



TA5LE IV

-S CC#fCRiTRATICUF.42@ FOR 172-T~ JOIWTSCONT~IW 17S-?RIVETS,PIN OR KILTS

G I (Solid W&mmdtll&n hdc)

I 5/8 rival 1

I

cold
:; 2-~2 pin 1 Cold

u 5/0 riv9t 2 Hot
u-1 5/8 rivet 2 Cold
u-1 1/2 rivet 2 Cold
u-1 3/8 flvet 2 Cold
u-2 1-1/4pfn 2 Cold

M 5/8 riVat 4 Cold
M 5/8 rivet 4 Hot
M l/2 rivet 4 Cold
M 5/B bits 4

I I I

(5) \ (6)

21/s2 I ‘H./z

41/64 7-1/2
2-1/2 7-1/2

21/32 s3/4
41/e4 3-3/4
33/64 3-3/4
25/04 3-3/4
1-1/4 3-3/4

41/64 1-7/8
21/32 l-7/8
33/64 l-7/8
5/8 l-7/8

25/64 I 1-1/4

7A”- ~
Oint hti@mStmr@h of Joints,p-i
Ratio

.%-ss Cm
v, ● strolls00 H* a h FatigueStmlgt

Dimnter
Width

lti 2X.K+ ID?
CFlea Cycles cycles ~~5 -6 ~?

(7)
Cyclom Cyeh Cyclu

(8) (9) (lo) (u) (E) (IS)

o.0s I 17A “ml ‘m I 2“813”613”1
0.09 I 63@3 5 (XII 42M I 7.7 7.4 7.1
0.33 16400 94CU 8UW 2.9 3.9 3.0

0.17 84CXJ 6 3Ul 4.4 4.8
0.17 15 Xx3 l14m e 4fn 3.2 3.2 3.2
0.14 8Ku 7 Zcn 4.?! 4.2
0.11 4 6m 4000 8.0 7.5
0.33 29 Km 18 lW u 5W 1.6 2.0 2.2

0.34 266W 14 302 10 7L%I 1.8 2.5 2.8
0.35 2S 600 16 5m 12 3m 1.7 2.2 2.4
0.29 25 3ce 15 7ca I-23fm 1.9 2.3 2.4
0.53 30 7CY3 21 m 13cm 1.6 1.7 2.3

0.31 1 2Z6C131137@3110KQ I 2.1 12.7 12.9
) \ 1 I I I

●ntratlm
FromMatl
-E!22ks

l#f
CJC19S
(14)

2.0

5.9
2.7

3.5

2.1

2.0
2.0
2.4
2.1

2.1

hctora
IMtical AnaI@4 am
utic HOns_nta*

w

2.5

9.0
3.7

4.9
5.0
5.6
6.8
2.7

2.6
2.5
3.2
2.7

2.8

2.7

9.7
4.0

5.3
5.4
6.0
7.4
2.9

2.8
2.7
3.4
2.9

3.0

# Thas* dress concmtrationfactorsworn detemdmd ~ conparingthe fatiguetirengthof the .peimn. to the follming fatigueatmngtha of the plata=tcr~
(Fig.1): 48 4m, 36 8C0 and 30 O&l pai for lM W3, 2 ~ IX70and 10 O@I 000 cyclesof stress,mspctiv.ly.

● The factor fortha typ G spctin was datemlmd from formulash referanca17; dl othervaluesrnre determimd fromphotoelastlctestsdw*riLud fn raformce 15.
Factors for eptilmms with two or mom rivets were detennlmd by taking80 per cent of the corrmpmdlrg value for a ainslerivat,a promdum auggmtad In
referanca15 for tha case oftm rivets.

## TIM factorsin them two colums am ●djuntedfor plaeticactionIn accordan% with an qlrical mthcd .uggoatedh mfermc. 16. No ad,lusimmtwan n.cessaq for
the factorsat 109 cyclesbacmm@ all atmams am withinthe ●lacticrange.
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Figure ~.- Single plate and lap joint fatigue test specimens.
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NACA ARR MO. 4115 Fig. 3
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ElI“xl Figure 3.- Butt joint fatigue test specimene.-..
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Figure 4.- Riveted joint fatigue te8ting machinee.
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Figure 5.- Typical failure of type GX specimen.
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Figure 6.- Typical fracture of type CX specimen.
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Figure 7.- Fracture of type 8 specimen showing failure in plate at
edge of rivet heads.
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Figure 8.- Fracture of type S specimen.
Rivet beds pried off during test,
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Figure 9.- Typical fracture of type M specimen with failure in cover plate.

/



40,000

30,000

ii
.

m
8
:
g 20,000

2
.?.4
●
c
:

10,000

0
-104

—

—

—

—

\
c

c

\
.

.

.

.

\
\

J.-
105

[
1(36

:yclea

.

=

.

1111 I I I I I Ill

*--+=
l/4*

HI131
Type H apecimer

Min. stress
Ratio

Max. atre =

—

-

-

—

-

.
(

:

Cold-driven 17S-T rivet@
5/8n diameter

g 1/2” “
D 3/8” u

++ Did not fail

Figure 10.- Direct-ntresa fatigue curves for riveted joints. Type H, 178-T plate, and 178-T rivets.
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Figure 12.- Direct-strees fatigue curve of riveted jointe. Type J-1, 17S-T plate, and 175-T rivets.
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